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ABSTRACT
We report unusual near- and mid-infrared photometric properties of G 196–3 B, the young
substellar companion at 16′′ from the active M2.5-type star G 196–3 A, using data taken with the
IRAC and MIPS instruments onboard Spitzer. G 196–3 B shows markedly redder colors at all
wavelengths from 1.6 up to 24 µm than expected for its spectral type, which is determined at L3
from optical and near-infrared spectra. We discuss various physical scenarios to account for its
reddish nature, and conclude that a low-gravity atmosphere with enshrouded upper atmospheric
layers and/or a warm dusty disk/envelope provides the most likely explanations, the two of
them consistent with an age in the interval 20–300 Myr. We also present new and accurate
separate proper motion measurements for G 196–3 A and B confirming that both objects are
gravitationally linked and share the same motion within a few mas yr−1. After integration of
the combined spectrophotometric spectral energy distributions, we obtain that the difference in
the bolometric magnitudes of G 196–3 A and B is 6.15± 0.10 mag. Kinematic consideration of
the Galactic space motions of the system for distances in the interval 15–30 pc suggests that the
pair is a likely member of the Local Association, and that it lay near the past positions of young
star clusters like α Persei less than 85 Myr ago, where the binary might have originated. At
these young ages, the mass of G 196–3 B would be in the range 12–25 MJup, close to the frontier
between planets and brown dwarfs.
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1. Introduction
The characterization of brown dwarfs and
planetary-mass objects of known distance, metal-
licity, and age can provide critical tests for evo-
lutionary models as well as empirical references
for understanding the substellar population in the
field, including planets orbiting stars. Confirmed
members of nearby open star clusters and substel-
lar companions to stars and massive brown dwarfs
can become good targets to establish the proper-
ties of benchmark objects. Among them, those lo-
cated at the nearest distances are preferred since
brown dwarfs and planets are intrinsically faint
and they evolve towards lower luminosities with
age (e.g., D’Antona & Mazzitelli (1994); Burrows
et al. (1997); Baraffe et al. (1998)). Tens of brown
dwarfs are known to orbit stars and more mas-
sive brown dwarfs, including the discovery of a
5 Jupiter-mass planet around a brown dwarf in
the young TW Hya association (Chauvin et al.
(2005)). They show L and T spectral types char-
acterized by surface temperatures below ∼2200
K.
One ultra-cool substellar companion to a
nearby low-mass star is G 196–3 B, found by direct
imaging and proper motion studies at a separa-
tion of ∼16′′ from the active M2.5 star G 196–3 A
(Rebolo et al. (1998)). In the discovery paper, the
authors discussed that this system is young with
an age in the interval 20–300 Myr. The young
limit is imposed by the lack of the lithium ab-
sorption feature at 670.8 nm (Christian & Math-
ioudakis (2002)) in the optical spectrum of the
primary star, implying that G 196–3 A has effi-
ciently depleted this element by nuclear reactions.
This happens at ages ≥20 Myr for the mass and
temperature of this particular star. The intense
emission lines like Hα and other activity proper-
ties, particularly the X-ray and UV emission of
the M2.5 star, are quite similar to α Persei and
Pleiades stars of the same temperature, suggesting
that G 196–3 could have a likely age of about 100
Myr. Gizis et al. (2002) imposed a conservative
upper limit of 640 Myr to the age of G 196–3 A
based on the intensity of the most relevant chro-
mospheric emission lines. More recently, Shkolnik
et al. (2009) have reviewed the age of G 196–3 A
and have set it at 25–300 Myr.
Since its discovery and due to its relative
brightness (J = 14.8 mag), G 196–3 B has been
observed spectroscopically at optical and near-
infrared wavelengths by several groups. There-
fore, its spectroscopic properties are well de-
fined: G 196–3 B is a moderate rotator (v sin i
= 10 km s−1), with no Hα emission (Mohanty
& Basri (2003)). Its rotation rate is quite simi-
lar to the rotational velocity of the primary star
(v sin i = 15 km s−1, Gizis et al. (2002)). The
lithium feature is seen with a relatively strong
intensity (a few to several Angstroms, Rebolo et
al. (1998); Mart´ın et al. (1999); Kirkpatrick et al.
(2001)), strongly supporting its substellar nature.
In addition, G 196–3 B displays all spectroscopic
hallmarks of a low gravity atmosphere (see next
Sections), thus confirming a young age. More
recently, Cruz et al. (2009) has compared the op-
tical spectrum of G 196–3 B to other field dwarfs of
similar temperature and spectroscopic properties,
and have assigned a spectral type of L3, slightly
cooler than the L1 given in Mart´ın et al. (1999)
and the L2 measured by Kirkpatrick et al. (2001).
As estimated in Rebolo et al. (1998), the mass of
G 196–3 B is 25+15−10 times that of Jupiter.
In this paper we focus on the description and
interpretation of the photometric properties of
G 196–3 B from the visible to the mid-infrared
wavelengths (0.6–24 µm). In addition, we present
new, accurate measurements of the proper motion
of each member of the pair used to determine the
Galactic kinematics of the system.
2. Observations
2.1. Near-infrared spectroscopy
A low-resolution spectrum of G 196–3 B was ob-
tained with the Near Infrared Camera Spectrom-
eter (NICS) and the Amici prism, mounted at the
3.6-m Telescopio Nazionale Galileo (TNG, Obser-
vatorio del Roque de Los Muchachos, Spain) on
2002 November 27. The Amici prism and a long
slit with a width of 1.′′5 allowed us to collect spec-
tra from 0.8 up to 2.4 µm simultaneously with
a resolving power R∼ 30. Total integration time
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was 4 min divided in eight individual exposures of
30 s each. Some clouds were present during the
observations, the seeing was ∼1.′′5, and G 196–3 B
was observed at an airmass of 1.1. A small dither-
ing over two different positions along the slit was
performed to allow for proper sky subtraction. A
featureless hot white dwarf (G 191−B2B) was also
observed with the same instrumental configura-
tion, although at a larger airmass, to correct the
target data from telluric absorption.
The raw spectra were reduced using standard
routines within the IRAF1 environment. NICS
data were sky-subtracted, flat-fielded, aligned,
combined, optimally extracted, and wavelength
calibrated using the look-up table provided in the
instrument’s webpage2. We performed a fine tun-
ing of the wavelength calibration using the deep
telluric absorption features of the spectra. The
instrumental response and telluric bands were re-
moved dividing by the white dwarf observations
and multiplying by the black-body spectrum of
the same effective temperature (61300 K). The
correction of the telluric bands was not optimal
at the main telluric absorptions. NICS data were
flux calibrated using integrated-light 2MASS J
and H photometry of G 196–3 B and the appro-
priate 2MASS filter passbands. The near-infrared
spectrum is combined with the optical data from
Mart´ın et al. (1999) to produce the final spectrum
shown in Fig. 1, which covers the wavelength in-
terval 0.6–2.4 µm.
From the near-infrared NICS spectrum we de-
rive spectral type L3 with an error of a subtype for
G 196–3 B after visual inspection of our data and
additional Amici spectra by Testi et al. (2001) and
Testi (2009). These reference spectra were taken
with the same instrument and telescope as G 196–
3 B. We also compared our data to the SpeX-Prism
spectral library maintained by A. Burgasser, con-
firming the L3± 1 typing. Our classification ba-
sically accounts for the continuous steepening of
the J-band slope and the increasing intensity of
the H2O absorption bands with cooler types (see
also Bihain et al. (2010)). Our measurement is
1IRAF is distributed by the National Optical Astronomy
Observatories, which are operated by the Association of
Universities for Research in Astronomy, Inc., under coop-
erative agreement with the National Science Foundation.
2http://web.archive.org/web/20071126094610/
http://www.tng.iac.es/instruments/nics/spectroscopy.html
consistent within 1-σ uncertainty with the typing
recently assigned using optical spectra by Cruz et
al. (2009).
The various optical and near-infrared spectro-
scopic features of G 196–3 B have been largely dis-
cussed in Mart´ın et al. (1999), Basri et al. (2000),
Kirkpatrick et al. (2001; 2008), Mohanty & Basri
(2003), McGovern et al. (2004), McLean et al.
(2007), Allers et al. (2007), and Cruz et al. (2009).
From the NICS spectrum presented here, we con-
firm the narrow K i lines at 1.25 µm mentioned by
McLean et al. (2007), the “triangular” shape of
the H-band indicated by Allers et al. (2007), and
the strong VO+H2O absorption at around 1.2 µm
mentioned by McGovern et al. (2004) and Allers
et al. (2007). All these features altogether are in-
dicative of youth.
2.2. Optical and near-infrared images
Aimed at determining the proper motions of
G 196–3 A and B, we collected new optical and
near-infrared images on different occasions and us-
ing various telescopes: the 10-m Gran Telescopio
de Canarias (GTC) and the 2.5-m Isaac Newton
Telescope (INT) on Roque de los Muchachos Ob-
servatory, and the 3.5-m telescope on Calar Alto
(CAHA) Observatory. GTC data were taken on
2008 May 7 as part of the commissioning of the
Acquisition and Guiding box for the telescope
Nasmyth-B focus. A total of 60 frames in the
Sloan r′ filter were obtained with the Acquisition
and Slow Guiding (ASG) camera. The ASG de-
tector was centered on the telescope optical axis
to avoid field distortion and had a pixel size of
0.′′099 projected onto the sky. Non-vignetted field
of view was 1×1 arcmin2. Exposure time of indi-
vidual images was 2 s, yielding a total on-source
integration time of 120 s. Every 20 images the
telescope was moved by 10′′ in the north-south
direction to remove the sky background contribu-
tion from the data. Observations were conducted
at an average airmass of 2 and seeing of 1.′′3. INT
images were acquired using the I-band filter and
the Wide Field Camera (WFC) on 2008 Nov 28.
Each of the four CCDs of the WFC had a pixel
size of 0.′′37 and covered an area of 12×24 arcmin2.
The seeing of the observations was 1′′ and integra-
tion time was 300 s. Near-infrared Ks-band im-
ages were obtained with the Omega-2000 instru-
ment (0.′′45 pix−1, 15×15 arcmin2) attached to the
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3.5-m CAHA telescope on 2010 Jan 30. CAHA
observations consisted of 6 dithers with an offset
of 10′′ and on-source integration time of 31 (co-
adds)×1.62 s. Observing conditions were photo-
metric and the seeing was better than 0.′′9.
All data were reduced following standard tech-
niques for visible and near-infrared wavelengths.
Frames were flat-fielded, sky subtracted, regis-
tered against the first frame in the series, and me-
dian combined within the IRAF environment to
produce the final images used in our astrometric
study. Further details on INT/WFC data reduc-
tion are given in Be´jar et al. (1999). G 196–3 A is
strongly saturated in the optical images, thus ren-
dering the new optical data useful for the proper
motion of the companion only. We calibrated
the CAHA/Omega-2000 image astrometricaly us-
ing more than 50 sources in common with the
2MASS catalog (Skrutskie et al. (2006)); the rms
of the plate solution was 0.′′11. Although G 196–
3 A slightly saturates in the CAHA/Omega-2000
data, IRAF was able to derive a precise centroid
for the star. G 196–3 B is detected in all these im-
ages with a signal-to-noise ratio larger than 500.
2.3. Mid-infrared photometry
To measure the mid-infrared fluxes of G 196–
3 A and B, we downloaded public images at 3.6,
4.5, 5.8, and 8.0 µm obtained with Spitzer’s In-
frared Array Camera (IRAC; Fazio et al. (2004)),
and images at 24 µm obtained with the Multiband
Imaging Photometer for Spitzer (MIPS; Rieke et
al. (2004)) from the Spitzer database. We con-
sidered the observations taken for the program
ID 20795, corresponding to the Astronomical Ob-
servation Request (AOR) identification numbers
of 15176192 (IRAC) and 15179776 (MIPS). The
IRAC images were taken on 2005 Nov 26, and the
MIPS data were acquired on 2005 Nov 11. Expo-
sure times were 26.8 s (IRAC) and 31 s (MIPS).
Raw data were reduced with the Spitzer Sci-
ence Center S18.7.0 (IRAC) and S16.1.0 (MIPS)
pipelines, which produced processed images with
plate scales of 0.′′6 pix−1 (IRAC) and 2.′′45 pix−1
(MIPS). Processed data are given in units of
MJy sr−1, and for the photometric analysis we
transformed them to µJy after multiplication by
factors of 8.4616 (IRAC) and 141.08 (MIPS).
G 196–3 A and B are resolved in all Spitzer im-
ages. We measured aperture photometry for each
object using the task PHOT within the IRAF en-
vironment. For IRAC, we used an aperture radius
of 4 pix and inner and outer radii of 24 and 40
pix for the sky annulus. For MIPS, we adopted
radii of 1.22, 8.2, and 13.1 pix for the aperture
and the inner and outer boundaries of the sky an-
nulus, respectively. We applied the appropriate
aperture corrections for each band to obtain the
final fluxes that were converted into magnitudes
using the following zero-point fluxes (taken from
the IRAC and MIPS Data Handbooks): 280.9 Jy
([3.6]), 179.7 Jy ([4.5]), 115.0 Jy ([5.8]), 64.13 Jy
([8.9]), and 7.14 Jy ([24]). Our photometry is pre-
sented in Table 1; error bars take into account
small variations in the sky contribution, and do
not include the uncertainties in the calibrations of
IRAC and MIPS.
3. Results
3.1. Optical and infrared colors
Figure 2 shows the Sloan, near- and mid-
infrared colors of G 196–3 A and B as a function
of spectral type. The Sloan optical photometry
was retrieved from the Sloan Digital Sky Survey
Data Release 7 (DR7, Abazajian et al. (2007)).
Near-infrared magnitudes are in the 2MASS pho-
tometric system (Skrutskie et al. (2006)), and the
mid-infrared data belong to this paper. The pri-
mary star is saturated in the Sloan survey, and
G 196–3 B is detected in the r, i, and z filters with
error bars smaller than 0.2 mag. We list in Table 1
the Sloan photometry of G 196–3 B.
To put G 196–3 into context, we included the
photometry of field M and L dwarfs in all four
panels of Fig. 2. West et al. (2008) provided the
Sloan data for M and L0 dwarfs plotted in the
upper panels, and Gautier et al. (2007) obtained
the Spitzer/MIPS photometry for field M dwarfs
shown in the bottom right panel. To extend the
corresponding spectrophotometric sequences into
the L domain, we cross-correlated the 600 L0–L9
dwarfs known to date against Sloan DR7 (cross-
correlation radius of 2′′) finding over 250 positive
matches, and we retrieved archived Spitzer/MIPS
images for several field L-type sources to measure
their [24] brightness following the same procedure
as explained in Sec. 2.3. We provide our [24] mea-
surements and the corresponding AOR numbers
in Table 2. Finally, the bottom left panel of Fig. 2
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displays the Spitzer/IRAC sequence delineated by
the M and L objects of Patten et al. (2006).
As illustrated in Fig. 2, the optical colors of
G 196–3 B (L3) coincide with those of the field
dwarfs of similar spectral type. The i − z index
(top right panel of Fig 2) shows a nearly monotonic
increasing trend with cooler temperature from M5
through L9, which contrasts with the flattening
(or saturation) of the r − i color (top left panel)
at around M8.
The near- and mid-infrared colors of G 196–3 A
(M2.5) are also in agreement with the observations
of other stars of identical classification. A differ-
ent behavior is found for the substellar compan-
ion G 196–3 B, which systematically appears red-
der than the field early- to mid-L dwarfs in all
near- and mid-infrared colors. From the bottom
left panel of Fig. 2, G 196–3 B has a [3.6]− [5.8] in-
dex that clearly deviates by 0.4 mag from the aver-
age trend delineated by Patten et al. (2006) dwarfs
(small dots), even though the field objects show a
significant scatter. The red J−K nature of young
field L dwarfs is also noted by Cruz et al. (2009).
These authors reported on the optical spectro-
scopic features that are a signpost of low-gravity
atmospheres for all young L-type dwarfs in the
field, including G 196–3 B. Luhman et al. (2009)
provided the IRAC photometry for some of these
young L dwarfs; in addition, Allers et al. (2010)
reported the discovery of a young L dwarf binary
in the field. We have included Luhman et al.’s
and Allers et al.’s data (cross symbols) in various
panels of Fig. 2. One young field L4-type source,
DENIS J050124.1−001045 (Reid et al. (2008)), is
in our sample of new [24] measurements. The lo-
cation of G 196–3 B in the color-spectral type di-
agrams of Fig. 2 is not special when compared to
the “family” of field, spectroscopically-confirmed
young L dwarfs. We note, however, that its colors
lie at the reddest edge of the color–spectral type
distributions. The near- and mid-infrared indices
of G 196–3 B resemble those of the field dwarfs
with the latest L-types, in contrast to the early-
L classification obtained from optical and near-
infrared spectra.
3.2. Spectral energy distribution
We combined all available broad-band pho-
tometry, B V R I J H Ks [3.6] [4.5] [5.8] [8.0] [24],
to create 0.44–24.0 µm (G 196–3 A) and 0.68–
24µm (G 196–3 B) photometric spectral energy
distributions (SEDs). For G 196–3 B we also have
the combined optical and near-infrared spectrum
shown in Fig. 1, which covers the wavelength
range 0.6–2.4 µm. Observed magnitudes were
converted to monochromatic fluxes at the cen-
tral wavelength of each filter using the zero point
fluxes provided in the literature for 2MASS and
those mentioned in Sec. 2.3 for Spitzer instru-
ments. The computed SEDs normalized to the
J-band are illustrated in Fig. 3. For compari-
son with G 196–3 B, we overplotted the SED of
the L7.5 dwarf 2MASS J0825196+211552 (Kirk-
patrick et al. (2000)) and the average photomet-
ric SED of L2–L3 dwarfs. These were obtained
in a similar manner to G 196–3. We compiled
the required photometry R through [8.0] from
the 2MASS catalog, Liebert & Gizis (2006), and
Patten et al. (2006). The [24] data come from
this paper. All these data were collected with
the same instruments and telescopes (2MASS and
Spitzer/IRAC/MIPS) as for the pair G 196–3, ex-
cept for the optical RI photometry (Rebolo et al.
(1998)). G 196–3 B shows an I−J color quite sim-
ilar to that of the field L2–L3 dwarfs. However,
its near- and mid-infrared SED has a shape more
similar to that of the much cooler field L7.5 dwarf.
The SED of G 196–3 A clearly indicates its pho-
tospheric origin since there is no obvious mid-
infrared flux excesses up to 24µm. To detect a de-
bris disk if it exists surrounding this low-mass star,
observations at wavelengths longer than 24µm
should be undertaken. The SED of G 196–3 B dis-
plays a quite smooth pattern with no clear evi-
dence for a rising flux emission or changing slope
at the reddest wavelengths typical of disks signif-
icantly cooler than the central object. However,
this SED appears overluminous longwards of the
H-band when compared to the average SEDs of
field L2–L3 dwarfs (Fig. 2). We discuss different
possible explanations in Sec. 4.
3.3. Bolometric Magnitudes
We integrated the observed SEDs over wave-
length to obtain the apparent bolometric magni-
tudes (mbol). To estimate the flux contribution
at wavelengths bluer and redder than the avail-
able photometry, we fitted a black-body spec-
trum to the SEDs of G 196–3 A and B, obtain-
ing that spherical black bodies with temperatures
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of 3500 and 1800 K provide reasonable match to
the observed fluxes in the red. The black-body
emissions normalized at the J-band are shown in
Fig. 3. We integrated the extended SEDs over the
wavelength interval 0.1–1000 µm using the simple
trapezoidal rule, and applied mbol =−2.5 log fbol
− 18.988 (Cushing et al. (2005), where fbol is
in units of W m−2) to obtain the following ap-
parent bolometric magnitudes: mbol = 9.85± 0.10
mag for G 196–3 A, and mbol = 16.00± 0.10 mag
for G 196–3 B (Table 1). The uncertainties take
into account the photometric error bars, the er-
rors in the zero point fluxes, and an uncertainty
of ±100 K in the temperature of the black bod-
ies used to extrapolate the SEDs. The bolomet-
ric magnitude difference between G 196–3 B and A
turns out to be 6.15± 0.10 mag.
Our measured mbol of G 196–3 A is in excel-
lent agreement with mbol = 9.82± 0.07 mag de-
termined using the various bolometric corrections
(BCs) available in the literature for field stars
with the spectral classification M2.5V (e.g., Pick-
les (1985); Kirkpatrick et al. (1993); Leggett et al.
(2000)). This implies that the TiO, CO, H2O, and
other molecular absorptions present in the star’s
spectrum have weak effect on our mbol determina-
tion.
The mbol of G 196–3 B derived using BCJ of
field L2–L3 dwarfs, mbol = 16.64± 0.15 mag (Reid
et al. (2001); Dahn et al. (2002); Vrba et al.
(2004)) is different to the one mbol = 16.09± 0.10
mag obtained from BCK (Leggett et al. (2001);
Golimowski et al. (2004); Vrba et al. (2004)).
This is likely due to the very red J −Ks color of
G 196–3 B, which significantly deviates from that
of L2–L3 dwarfs. Both determinations are fainter
than our measurement by ∼0.6 (J) and ∼0.1 mag
(K). Part of this discrepancy might also arise
from our method to determine bolometric mag-
nitudes, e.g., the use of black bodies instead of
synthetic spectra to complete the observed SED
below 0.6 µm and above 24 µm, or the presence
of strong absorption bands in the spectrum. None
of these appears to be relevant for the M2.5 star.
Leggett et al. (2001) used a similar approach to
ours for bolometric magnitude determination and
also employed synthetic model atmospheres for
completing the SEDs, finding that no correction
is needed for late-M to mid-L dwarfs. To test
this, we integrated the pure photometric SED and
the combined photometric and spectroscopic SED
of G 196–3 B finding good agreement in the bolo-
metric magnitudes (15.91 and 16.00 mag, respec-
tively) within the ±0.10 dex error bars. We adopt
our calculated mbol for G 196–3 B (Table 1), from
which we infer the following bolometric correc-
tions: BCJ = 1.16±0.10 and BCK = 3.22± 0.10
mag.
3.4. Proper motion
We derived accurate proper motions indepen-
dently for G 196–3 A and B using a large bat-
tery of images and astrometric databases avail-
able to us, including our own published and new
data. For the primary star, there are a total of
12 astrometric epochs (Table 3) covering observa-
tions over 111.8 yr. Our measurement, µα cosδ
= −142.3± 0.6 mas yr−1, µδ = −197.0± 0.9
mas yr−1, derived as in Caballero (2010), coin-
cides within 1-σ uncertainty with the astrometric
values provided by, e.g., Salim & Gould (2003),
Le´pine & Shara (2005), and Ro¨ser et al. (2008).
The quoted error bars, obtained as the standard
deviation of the linear fit to the α and δ coordi-
nates, are more than a factor of 2.5 smaller than
those of previous measurements.
There are less astrometric epochs spanning 12
yr of observations between 1998 and 2010 that
can be used to derive a reliable proper motion for
G 196–3 B. Besides 2MASS and Sloan images (Ta-
ble 3), where the companion is clearly detected,
Table 4 provides additional images we employed
in our astrometric analysis. By comparing the po-
sitions of G 196–3 B relative to various reference
stars in the field and to the NOT data, we de-
termined µα cosδ = −144± 2 mas yr−1 and µδ =
−190± 20 mas yr−1 for G 196–3 B. The uncertain-
ties represent the standard deviation of individ-
ual measurements. The agreement between our
proper motion and that derived by Jameson et
al. (2008) is better than 1-σ. Both G 196–3 A
and B share the same proper motion within a few
mas yr−1, thus providing strong support for the
true gravitational companionship of the pair.
The accuracy of our astrometry did not allow
us to detect any orbital displacement in the 12-yr
interval between 1998 Feb (NOT/ALFOSC) and
2010 Jan (CAHA/Omega-2000). We measured
the projected angular separation of the binary at
15.′′99± 0.′′06, and the position angle at 209.2± 0.3
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deg. Error bars represent the standard deviation
of the various individual measurements. System-
atic errors can be larger than those quoted here.
4. Discussion
4.1. Hertzsprung-Russell diagram
To construct the Hertzsprung-Russell (HR) di-
agram we need to convert observed mbol and spec-
tral type into luminosity and Teff . No parallactic
distance is known for G 196–3; however, we can
set lower and upper “spectroscopic” limits by as-
suming different ages and binary status for each
component. The mbol of G 196–3 A and B will be
compared to the absolute magnitudes of objects of
similar spectral type and well-determined paral-
lax, including field sources and members of stellar
clusters. Our reference star clusters are the 120-
Myr Pleiades (catalogs by Stauffer et al. (2007)
and Bihain et al. (2010)), the 50-Myr IC 2391 (cat-
alog by Barrado y Navascue´s et al. (2001)), and
the 3-Myr σOrionis (catalogs by Zapatero Oso-
rio et al. (2000), (2002), and Sacco et al. (2008)).
Table 5 provides our distance estimates with an
uncertainty of 10% for two possible scenarios: sin-
gle and equal-mass objects. The minimum and
maximum possible distances to G 196–3 are 15
and 51 pc for ages typical of the field and 3 Myr.
From considerations largely discussed in Rebolo
et al. (1998) and Shkolnik et al. (2009), the age of
G 196–3 is possibly in the range 20–300 Myr, im-
plying a likely distance in the interval 18–30 pc for
the single object scenario and 25–40 for the binary
one. The projected physical separation of the pair
thus turns out to be 285–640 AU.
Rebolo et al. (1998) estimated Teff values for
both G 196–3 A and B. There are new Teff–spectral
type relations available in the literature, particu-
larly for the L dwarfs (Luhman & Rieke (1998);
Allen (2000); Leggett et al. (2001), (2002); Dahn
et al. (2002); Golimowski et al. (2004); Vrba et
al. (2004); Cushing et al. (2008); (2009)). We
used them to update our measurements, obtaining
3480± 95 K for the M2.5 star and 1870± 100 K
for the L3 substellar companion (Table 1). The
error bars account for the dispersion of the var-
ious Teff–spectral type relations and an uncer-
tainty of a subclass in the spectral type classifi-
cation. These measurements are consistent, al-
though slightly warmer, within 1-σ uncertainty
with those of Rebolo et al. (1998). Basri et al.
(2000) derived a higher Teff (2200–2400 K) for
G 196–3 B based on the spectroscopic fitting of the
Cs i and Rb i atomic lines with “high-gravity” syn-
thetic model atmospheres. At this warm tempera-
ture, one would expect the presence of TiO bands
in optical spectra. However, the spectra of G 196–
3 B shown in Rebolo et al. (1998), Mart´ın et al.
(1999), and Cruz et al. (2009) lack TiO bands,
and only faint VO, CrH, FeH molecular absorption
remains. This suggests a cooler temperature for
G 196–3 B, a fact already acknowledged by Basri
et al. (2000) and in agreement with our estimate.
Luminosities (for the distance interval 15–40 pc,
i.e., single objects) and Teffs are used to place
G 196–3 A and B in the HR diagram displayed in
Fig. 5. Overplotted are theoretical isochrones (10,
20, 50, and 120 Myr) produced by the Lyon group
(Baraffe et al. (1998); Chabrier et al. (2000)). Be-
cause G 196–3 A and B are supposed to be coeval,
one isochrone should reproduce the relative loca-
tion of both objects if they are single. In Fig. 5, we
also indicate the positions of G 196–3 A and B at
one given distance; G 196–3 A appears overlumi-
nous with respect to the isochrone describing the
companion, which may suggest that this star is a
close binary, or G 196–3 B appears underlminous
compared to the isochrone passing through the
primary star. Without a definitive, accurate astro-
metric parallax, the detailed study of the HR dia-
gram of the pair is not possible. For the age inter-
val 20–300 Myr, the most likely masses of the two
components are 0.40–0.55M and 0.012–0.040M
for G 196–3 A and B. If the age of the system is
around 20–80 Myr (see next Section), G 196–3 B
would have a mass at around the planet–brown
dwarf frontier, and it would be burning deuterium
as suggested in Fig. 5.
4.2. Moving groups
Young objects of less than a few hundred Myr
can be identified as members of star-forming re-
gions and young stellar associations (Barrado y
Navascue´s (1998); Montes et al. (2001); Zucker-
man & Song (2004); Torres et al. (2008)). The
Galactic space velocities UVW , X-ray luminosi-
ties, and a detailed analysis of the spectra provide
reliable indicators of membership to an associa-
tion. To derive UVW for G 196–3 B we used the
proper motion of the primary star, which has a
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very small error bar (≤1 mas yr−1), and the radial
velocity (−1.5 ± 1.0 km s−1) obtained for the sub-
stellar object by Basri et al. (2000), and applied
the equations by Johnson & Soderblom (1987) to
derive the velocities displayed in Fig. 4 for the dis-
tance interval 15–50 pc. The distance-dependent
(therefore, age-dependent) values of U , V , and W
follow straight lines in the UV and VW planes.
The uncertainties associated to all three Galac-
tic velocities for a given distance come from the
proper motion and radial velocity error bars.
Figure 4 also shows the ellipsoids correspond-
ing to well known young stellar moving groups of
the solar neighborhood (data from Zuckerman &
Song (2004); Torres et al. (2008)). The Ursa Ma-
joris, Hyades, Castor, Taurus-Auriga, and IC 2391
moving groups lie more than 10 km s−1 away from
the likely positions of G 196–3. The Tucana-
Horologium and AB Doradus moving groups are
only marginally consistent with G 196–3. There-
fore, membership of the pair to any of these asso-
ciations is unlikely.
For a distance interval between 18 and ∼30 pc,
the space motion of G 196–3 matches the space
motions of the Local Association (or Pleiades mov-
ing group), TW Hydrae, and β Pictoris. Both
TW Hydrae and β Pictoris have very young ages
(∼8–10 and 12 Myr, respectively), which are
smaller than our upper limit on the age of the pair.
Furthermore, TW Hydrae is dominated by M-type
stars, all of which have preserved lithium (Song
et al. (2003)), in contrast to the spectroscopic
observations of G 196–3 A. The only remaining
moving group that could explain the UVW val-
ues of G 196–3 is the Local Association, where
smaller structures of different ages (all below 300
Myr) like the Pleiades (120 Myr), α Persei (50–80
Myr), and IC 2602 (∼70 Myr) open clusters are
contained.
We have linearly back-traced in time the Galac-
tic orbit of G 196–3 and of 120 open star clusters
from the lists by Kharchenko et al. (2005) and
Makarov et al. (2007). These authors provided
current 3D positions (or sufficient data to prop-
erly calculate them), space motions, and ages for
all clusters. We selected those with ages in the in-
terval 1–300 Myr and distances up to several hun-
dred parsecs, for which our linear approximation
does not deviate much from true calculations in-
cluding several rotations around the Galactic cen-
ter. G 196–3 may have been located within a few
to several ten parsec distance from the α Persei or
Collinder 65 open clusters about ∼50–85 or ∼20–
30 Myr ago, respectively. This is indeed in agree-
ment with the most likely age of the system, sug-
gesting that G 196–3 might have shared the same
birth molecular cloud than any of these two star
clusters, being ejected soon after formation. This
indicates that the age of G 196–3 may be younger
than the Pleiades star cluster, with a likely value
between 20 and 85 Myr. We note, however, that
the age and distance parameters of Collinder 65
are not well constrained, thus introducing some
uncertainty in our estimations, and that precise
radial velocity and parallax of G 196–3 are neces-
sary to refine our analysis.
4.3. Disk/envelope or enshrouded atmo-
sphere?
The most striking observable property of the
overall SED of G 196–3 B is its apparent overlu-
minosity at near- and mid-infrared wavelengths
(see Fig. 3), which translates into colors redder
than expected for its optical and near-infrared
spectral type. We propose the following explana-
tions, one or various of which may account for this
signature: different metallicity, low-gravity atmo-
sphere, a dust-enshrouded atmosphere, continuum
emission from a “hot” disk or dusty envelope, and
the presence of a cool, unresolved companion.
Theory of model atmospheres predicts that
metallicity and gravity impacts the colors of ultra-
cool dwarfs (e.g., Burrows et al. (2006); Leggett
et al. (2007)). Furthermore, Knapp et al. (2004)
indicated that gravity is a “required” parameter
to understand the sequences of L and T dwarfs in
color-magnitude diagrams. Reducing the metallic-
ity increases the importance of molecular hydro-
gen collision-induced absorption in the infrared,
producing blue colors. This is clearly observed
in subdwarfs with L spectral classification (e.g.,
Burgasser et al. (2003); Cushing et al. (2009)).
G 196–3 B shows an opposing behavior, suggesting
that it might have a metal-rich atmosphere. These
atmospheres are also dustier. Unfortunately, the
primary star G 196–3 A does not contribute to
the understanding of the metallic content of the
pair, since for M dwarfs any reliable abundance
determination is not an easy task (e.g., Bonfils
et al. (2005)). Nevertheless, the optical spectrum
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of G 196–3 A is very similar to standard M2–M3
stars, including the solar-metallicity Pleiades and
α Persei stellar members (see Rebolo et al. (1998)).
Furthermore, the great majority of nearby stars
have nearly solar composition (Nordstro¨m et al.
(2004); Valenti & Fischer (2005)). The proba-
ble membership of G 196–3 in the Local Associa-
tion also adds support to the solar abundance of
the system. From theoretical model atmospheres,
metal-rich ultracool dwarfs have redder 1–4 µm
colors than solar-metallicity dwarfs while the 5–
15 µm spectrum does not change significantly
(Stephens et al. (2009)), which contrasts with the
properties of G 196–3B. Therefore, high metallic-
ity cannot explain the infrared overluminosity of
G 196–3B.
In ultra-cool dwarfs, decreasing the atmo-
spheric gravity or gas density has a qualitatively
similar effect on the photospheric gas pressure
and chemistry of gas and condensates as increas-
ing the metallicity (Lodders & Fegley (2002)).
State-of-the-art model atmospheres indicate that
low gravities (log g∼ 4 dex, cgs units) tend to
produce redder infrared colors than high gravities
(log g∼ 5 dex, e.g., J−K, H−K, K−L′, K−[3.5],
and [4.5]− [5.8], see Burrows et al. (2006); Leggett
et al. (2007), (2010)). The impact of gravity on
these colors is significant (at the ≥20% level) par-
ticularly for the T dwarfs, while the colors of ear-
lier dwarfs do not appear to be as much impacted
theoretically. The exact amounts of the color de-
viations observed in the L3-type G 196–3 B are not
quantitatively explained by the models. G 196–3 B
displays all the spectroscopic hallmarks typically
used to recognize low-gravity objects (see previous
Sections). Furthermore, from kinematic consider-
ations its age is likely younger than the Pleiades,
thus supporting a low-gravity atmosphere. Evolu-
tionary models predict a surface gravity in the
range log g= 4.1–4.7 dex for G 196–3 B, which
compares to the higher values (log g ∼ 5 dex) of
older dwarfs of similar types. However, early-L
dwarfs members of very young clusters like Up-
per Scorpius (∼5 Myr; Lodieu et al. (2008)) and
σ Orionis (∼3 Myr, Zapatero Osorio et al. (2007);
Caballero et al. (2007)), for which evolutionary
models predict even lower surface gravities (log g
≤ 4 dex), do not show colors differing significantly
from the “high-gravity” field. It appears that the
behavior of colors with gravity is not necessar-
ily monotonic. Interestingly, the L-type substel-
lar object 2MASS J1207334−393254b, which is a
companion to a brown dwarf of the TW Hydrae
Association (age ∼10 Myr, Chauvin et al. (2005)),
also displays very red H − K and K − L colors
as compared to field dwarfs of similar types (Mo-
hanty et al. (2007)), suggesting that the change
from not very red colors at very young ages to
very red colors at intermediate ages (if there is
such a change) possibly happens at around 10
Myr. We note that 2MASS J1207334−393254b
lacks Spitzer photometry. More accurate data of
L-type substellar members of young star clusters
and associations (with ages below 10 Myr) are re-
quired for a precise characterization of the color
dependency on gravity.
The observed optical and infrared SED of
G 196–3 B can be modeled by combining the emis-
sions of an object with the same energy distri-
bution than field L2–L3 dwarfs scaled to fit the
J-band flux of the target and an additional source
emitting like a single temperature black body.
The L2–L3 dwarf component would mostly ac-
count for the visible up to the near-infrared fluxes,
while the “black body” source would contribute
notably to the mid-infrared fluxes. We found that
a black body of 1400 K with a J-band flux four
times fainter than that of the L2–L3 dwarf pro-
vides a reasonable fit to the thermal emission of
the substellar object. Slightly cooler black bod-
ies produce larger fluxes at red wavelengths while
warmer ones yield insufficient emission. Figure 6
illustrates our results. The agreement between
the SED of G 196–3 B and the modeled SED is
within 1–2-σ uncertainty for the I through [24]
passbands, while the R-band is not well repro-
duced. No combination of L2–L3 dwarfs and
observed SEDs of cooler field dwarfs (e.g., L2–
L3 + L7.5, L2–L3 + T1) provides a better match
to G 196–3 B. The integrated luminosities of both
the L2–L3 dwarf and the “black body” source are
nearly equal even though their effective tempera-
tures differ by about 500–700 K. If the black-body
source is external to G 196–3 B, this would imply
that the bolometric luminosity of the brown dwarf
is to be corrected by about a factor of two (0.30
dex) towards lower luminosity.
We may speculate that G 196–3 B is comprised
of an L2–L3 component and a cooler compan-
ion with a characteristic temperature of 1400 K
9
and a J-band flux four times lower than the L2–
L3 dwarf. High spatial resolution images (work
in preparation) do not reveal G 196–3 B as a bi-
nary, so we can impose an upper limit of 0.′′3 on
the physical separation of both putative compo-
nents. In the field, dwarfs of ∼2100 and ∼1400 K
have bolometric luminosities differing by a factor
of five. However, from our simple assumption we
derived that both components show a luminosity
ratio close to one, i.e., the cooler member should
be 1.5 times larger in size than the warmer compo-
nent. Substellar evolutionary models (Baraffe et
al. (1998); Burrows et al. (1997)) predict that ob-
jects with masses around the deuterium-burning
mass limit (i.e., 0.012–0.02 M) and ages below
∼100–200 Myr must burn deuterium. During this
stage, there is a “luminosity reversal” because
these objects become brighter than the immedi-
ately more massive brown dwarfs and at least as
luminous as 0.025–0.030-M bodies. Therefore,
for an age younger than ∼100–200 Myr, G 196–
3 B might be formed by two objects with masses
of 0.012–0.02 and 0.02–0.03 M and similar lu-
minosity. There is an issue, however, with the
predicted surface temperatures and object sizes.
The same evolutionary models assign similar tem-
peratures and a nearly constant radius to both
the deuterium-burning and non-burning bodies of
these masses. This is not consistent with our
modeling of G 196–3 B’s SED, which suggests dis-
crepant temperatures and sizes for the two puta-
tive members, undermining the probability of the
multiplicity hypothesis.
Alternatively, the 1400-K black-body-like emis-
sion may result from an optically thick disk or en-
velope surrounding the central brown dwarf. Luh-
man et al. (2009), Scholz & Jayawardhana (2008),
Zapatero Osorio et al. (2007), and Caballero et
al. (2007) showed that a large fraction of brown
dwarfs and free-floating planetary-mass objects
harbor disks at ages below 10 Myr. These disks
may evolve into debris disks in a manner similar
to the disks of stars. The presence of a (debris)
disk is compatible with the young age of G 196–
3 B. More than 40% of the stars with ≤100 Myr
display flux excesses at 24 µm due to the presence
of debris disks (Ga´spa´r et al. (2009)). However,
“hot” dust is rare in stars older than ∼10 Myr
(e.g., Silvertone et al. (2006)). Regarding G 196–
3 B, the ∼1400 K effective temperature of the disk
warm dust implies that the bulk of the observed
material lies in a narrow belt ∼1 radius from the
brown dwarf, making this scenario unlikely.
One may think that the dense envelope has ac-
tually developed as a result of natural thermo-
chemical processes in the upper, low-pressure at-
mospheric layers of G 196–3 B, which are produc-
ing dust grains small enough to be sustained in
the low-gravity photosphere. These would be re-
sponsible for the near- to mid-infrared reddening.
The 1400-K characteristic temperature might be
related to the Tcr parameter introduced by Tsuji
(2002) in his model atmospheres, which essentially
determines the thickness of the photospheric dust
clouds or layers. Low values of Tcr imply very
dusty (optically thick) atmospheres.
Another possibility is that the warm dusty disk
around G 196–3 B may have appeared from “re-
cent” and quite frequent stochastic events like
episodes of high energy collisions among planetesi-
mals (akin to the solar system’s Late Heavy Bom-
bardment and/or to the processes that are sup-
posed to give rise to rocky planets, see review by
Wyatt (2008)). In this scenario, the disk may
be situated further away from the central object.
This would suggest that even low-mass brown
dwarfs are capable of forming planets through the
same processes than more massive stars.
Any possibility previously discussed to account
for the unusual red near- and mid-infrared colors
of G 196–3 B can be also applied to the field young
L dwarfs with related spectroscopic and photomet-
ric properties. Given the uncertainties associated
to the models, we cannot firmly exclude any of
the possibilities. However, a different metallicity
seems to be the less likely explanation, while the
effects on the output energy distribution driven by
low gravity and enshrouded atmospheres and the
presence of a warm dusty disk/envelope surround-
ing these objects remain as the most likely expla-
nations. Follow-up radial velocity studies and po-
larimetric and high-resolution imaging will reveal
whether these objects are multiple and/or harbor
certain amounts of dust, which would help under-
stand their nature.
5. Conclusions
We presented near-infrared, low-resolution
spectrum (obtained with TNG/NICS instrument
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and Amici prism) and mid-infrared photometry
(Spitzer/IRAC and MIPS) of the brown dwarf
G 196–3 B, which is a wide companion of the
young, active M2.5-type star G 196–3 A (Rebolo
et al. (1998)). Using the near-infrared spectrum
(0.8–2.4 µm), we confirmed an L3 spectral classifi-
cation for the brown dwarf in agreement with the
L3 typing derived from optical data by Cruz et
al. (2009); we also confirmed previously reported
detection of spectroscopic features (“triangular”
shape of the H-band and strong VO+H2O absorp-
tion) consistent with a low-gravity atmosphere
and a young age. New optical and near-infrared
images obtained on different occasions between
1998 and 2010, in addition to data available from
public archives, allowed us to determine an accu-
rate proper motion for each member of the binary
and a projected separation and position angle of
15.′′99± 0.′′06 and 209.3± 0.3 deg, which have not
changed in the last 12 yr (i.e., orbital motion be-
low our astrometric detectability). This provides
strong support for the gravitational link of the
pair. We found that the kinematics of G 196–3
(adopting a probable distance interval of 15–30
pc) is consistent with the binary being a likely
member of the Local Association, thus support-
ing the young age (20–300 Myr) assumed for the
system. A simple exercise of linearly back tracing
the Galactic orbit of G 196–3 located the system
relatively close to the past positions of the open
clusters Collinder 65 (20–30 Myr) and α Persei
(50–85 Myr), where G 196–3 may have originated.
This implies that the age of the system could likely
be 20–85 Myr (i.e., younger than the Pleiades star
cluster). At this young age, G 196–3 B would have
a mass of 0.012–0.25 M and would be burning
deuterium.
From the Spitzer/IRAC and MIPS photome-
try, we concluded that G 196–3 A spectral energy
distribution (SED) covering 0.44–24 µm is purely
photospheric, and that G 196–3 B shows infrared
colors significantly redder than expected for its L3
spectral classification and much more similar to
those of L7–L8 sources. The integration of the ob-
served SEDs yielded a bolometric magnitude dif-
ference ∆mbol = 6.15± 0.10 mag between the two
objects. The SED of G 196–3 B appears overlumi-
nous longwards of 1.6 µm when compared to the
average SED of field L2–L3 dwarfs. We discussed
that a low-gravity atmosphere with enshrouded
upper atmospheric layers and/or a warm dusty
disk/envelope provides the most likely explana-
tions, the two of them consistent with an age in
the interval 20–85 Myr. G 196–3 B can be used as
a benchmark object to understand L-type sources
with similar photometric and spectroscopic prop-
erties in the field.
We are grateful to D. Montes for the dis-
cussion on object membership in stellar moving
groups. We also appreciate the comments re-
ceived by S. Mohanty (referee). This work is
based in part on observations made with the
Spitzer Space Telescope, which is operated by
the Jet Propulsion Laboratory, California Insti-
tute of Technology under a contract with NASA.
Also based on new observations made with the
Gran Telescopio Canarias (GTC), the Italian
Telescopio Nazionale Galileo (TNG, operated by
the Fundacio´n Galileo Galilei of the Instituto
Nazionale di Astrofisica), and the Isaac New-
ton Telescope (INT, operated by the Isaac New-
ton Group), instaled in the Spanish Observato-
rio del Roque de los Muchachos of the Instituto
de Astrof´ısica de Canarias, in the island of La
Palma. Also based on observatons taken with
the 3.5-m telescope on the Calar Alto Spanish-
German Observatory in Almer´ıa, Spain. This re-
search has benefitted from the SpeX Prism Spec-
tral Libraries, maintained by Adam Burgasser at
http://www.browndwarfs.org/spexprism. Fund-
ing for the Sloan Digital Sky Survey (SDSS) and
SDSS-II has been provided by the Alfred P. Sloan
Foundation, the Participating Institutions, the
National Science Foundation, the U.S. Depart-
ment of Energy, the National Aeronautics and
Space Administration, the Japanese Monbuka-
gakusho, and the Max Planck Society, and the
Higher Education Funding Council for England.
The SDSS Web site is http://www.sdss.org/. This
work is partly financed by the Spanish Ministry of
Science through the project AYA2007–67458, and
the CSIC I3 project 200940I010.
Facilities: Spitzer, Telescopio Nazionale Galileo,
Gran Telescopio de Canarias, Isaac Newton Tele-
scope, 3.5-m Calar Alto.
REFERENCES
Abazajian, K. N., et al. 2009, ApJS, 182, 543
11
Allen, W. B. 2000, in Allen’s Astrophysical Quan-
tities, ed. A. N. Cox (4th ed; New York:
Springer), 151
Allers, K. N., et al. 2007, ApJ, 657, 511
Allers, K. N., Liu, M. C., Dupuy, T. J., & Cushing,
M. C. 2010, ApJ, in press, arXiv:0912.4687
Baraffe, I., Chabrier, G., Allard, F., & Hauschildt,
P. H. 1998, A&A, 337, 403
Barrado y Navascue´s, D. 1998, A&A, 339, 831
Barrado y Navascue´s, D., et al. 2001, ApJS, 134,
103
Basri, G., et al. 2000, ApJ, 538, 363
Be´jar, V. J. S., Zapatero Osorio, M. R., & Rebolo,
R. 1999, ApJ, 521, 671
Bihain, G., Rebolo, R., Zapatero Osorio, M. R.,
Be´jar, V. J. S., & Caballero, J. A. 2010, A&A,
submitted
Bonfils, X., Delfosse, X., Udry, S., Santos, N. C.,
Forveille, T., & Se´gransan, D. 2005, A&A, 442,
635
Burgasser, A. J., et al. 2003, ApJ, 592, 1186
Burgasser, A. J., Looper, D. L., Kirkpatrick, J.
D., & Liu, M. C. 2007, ApJ, 658, 557
Burgasser, A. J., et al. 2010, ApJ, 710, 1142
Burrows, A., et al. 1997, ApJ, 491, 856
Burrows, A., Sudarsky., D., & Hubeny, I. 2006,
ApJ, 640, 1063
Caballero, J. A., et al. 2007, A&A, 470, 903
Caballero, J. A. 2010, A&A, in press,
arXiv:1001.3652
Chabrier, G., Baraffe, I., Allard, F., & Hauschildt,
P. H. 2000, ApJ, 542, 464
Chauvin, G., et al. 2005, A&A, 438, L25
Christian, D. J., & Mathioudakis, M. 2002, AJ,
123, 2796
Cruz, K. L., Kirkpatrick J. D., & Burgasser, A. J.
2009, AJ, 137, 3345
Cushing, M. C., Rayner, J. T., & Vacca, W. D.
2005, ApJ, 623, 1115
Cushing, M. C., et al. 2008, ApJ, 678, 1372
Cushing, M. C., et al. 2009, ApJ, 696, 986
Dahn, C. C., et al. 2002, AJ, 124, 1170
D’Antona, F., & Mazzitelli, I. 1994, ApJS, 90, 467
Fazio, G. G., et al. 2004, ApJS, 154, 10
Ga´spa´r, A., et al. 2009, ApJ, 697, 1596
Gautier, T. N. III, et al. 2007, ApJ, 667, 527
Gizis, J. E., Reid, I. N., & Hawley, S. L. 2002, AJ,
123, 3356
Golimowski, D. A., et al. 2004, AJ, 127, 3516
Hambly, N. C., et al. 2001, MNRAS, 326, 1279
Jameson, R. F., et al. 2008, MNRAS, 384, 1399
Johnson, D. R. H., & Soderblom, D. R. 1987, AJ,
93, 864
Kharchenko, N. V., Piskunov, A. E., Ro¨ser, S.,
Schilbach, E., & Scholz, R.-D. 2005, A&A, 438,
1163
Kirkpatrick, J. D., et al. 1993, ApJ, 402, 643
Kirkpatrick, J. D., et al. 2000, AJ, 120, 447
Kirkpatrick, J. D., et al. 2001, AJ, 121, 3235
Kirkpatrick, J. D., et al. 2008, ApJ, 689, 1295
Knapp, G. R., et al. 2004, AJ, 127, 3553
Lasker, B. M., et al. 1988, ApJS, 68, 1
Leggett, S. K., et al. 2000, ApJ, 535, 965
Leggett, S. K., Allard, F., Geballe, T. R.,
Hauschildt, P. H., & Schweitzer, A. 2001, ApJ,
548, 908
Leggett, S. K., et al. 2002, ApJ, 564, 452
Leggett, S. K., et al. 2007, ApJ, 655, 1079
Leggett, S. K., et al. 2010, ApJ, 710, 1627
Le´pine, S., & Shara, M. M. 2005, AJ, 129, 1483
Liebert, J., & Gizis, J. E. 2006, PASP, 118, 659
12
Lodders K., & Fegley, B., Jr. 2002, Icarus, 155,
393
Lodieu, N., Hambly, N. C., Jameson, R. F., &
Hodgkin, S. T. 2008, MNRAS, 383, 1385
Luhman, K. L., & Rieke, G. H. 1999, ApJ, 497,
354
Luhman, K. L., Herna´ndez, J., Downes, J. J.,
Hartmann, L., & Bricen˜o, C. 2008, ApJ, 688,
362
Luhman, K. L., Mamajek, E. E., Allen, P. R., &
Cruz, K. L. 2009, ApJ, 703, 399
Makarov, V. V. 2007, ApJS, 169, 105
McGovern, M. R., et al. 2004, ApJ, 600, 1020
McLean, I. S., et al. 2007, ApJ, 658, 1217
Mart´ın, E. L., et al. 1999, AJ, 118, 2466
Mohanty, S., & Basri, G. 2003, ApJ, 583, 451
Mohanty, S., Jayawardhana, R., Hue´lamo, N., &
Mamajek, E. 2007, ApJ, 657, 1064
Monet, D. G. 1998, USNO-A2.0, US Naval Obser-
vatory, Flagstaff, AZ, VizieR on-line catalogue
Montes, D., et al. 2001, MNRAS, 328, 45
Nordstro¨m, B., et al. 2004, A&A, 418, 989
Patten, B. M., et al. 2006, ApJ, 651, 502
Pickles, A. J. 1985, ApJS, 59, 33
Rebolo, R., et al. 1998, Sci, 282, 1309
Reid, I. N., Burgasser, A. J., Cruz, J. L., Kirk-
patrick, J. D., & Gizis, J. E. 2001, AJ, 121,
1710
Reid, I. N., et al. 2008, AJ, 136, 1290
Rieke, G. H., et al. 2004, ApJS, 154, 25
Ro¨ser, S., et al. 2008, A&A, 488, 401
Sacco, G. G., Franciosini, E., Randich, S., &
Pallavicini, R. 2008. A&A, 488, 167
Salim, S, & Gould, A. 2003, ApJ, 582, 1011
Scholz, A., & Jayawardhana, R. 2008, ApJ, 672,
L49
Shkolnik, E. Liu, M. C., & Reid, I. N. 2009, ApJ,
699, 649
Silverstone, M. D., et al. 2006, ApJ, 639, 1138
Skrutskie, M. F., et al. 2006, AJ, 131, 1163
Song, I., & Zuckerman, B., & Bessell, M. S. 2003,
ApJ, 599, 342
Stauffer, J. R., et al. 2007, ApJS, 172, 663
Stephens, D. C., et al. 2009, ApJ, 702, 154
Testi, L., et al. 2001, ApJ, 552, L147
Testi, L. 2009, A&A, 503, 639
Torres, C. A. O., Quast, G. R., Melo, C. H. F., &
Sterzik, M. F. 2008, in ASP Monograph Publi-
cations 5, Handbook of Star Forming Regions,
Vol. II, The Southern Sky, ed. B. Reipurth (San
Francisco, CA: ASP), 757
Tuski, T. 2002, ApJ, 575, 264
Urban, S. E., et al. 1998, AJ, 115, 1212
Valenti, J. A., & Fischer, D. A. 2005, ApJS, 159,
141
Vrba, F. J., et al. 2004, AJ, 127, 2948
West, A. A., et al. 2008, AJ, 135, 785
Wyatt, M. C. 2008, ARA&A, 46, 339
Zapatero Osorio, M. R., et al. 2000, Sci, 290, 103
Zapatero Osorio, M. R., et al. 2002, A&A, 384,
937
Zapatero Osorio, M. R., et al. 2007, A&A, 472, L9
Zuckerman, B., & Song, I. 2004, ARA&A, 42, 685












Fig. 1.— Combined optical and near-infrared
(NICS) spectrum of G 196–3 B (thick line) with re-
solving powers (R) of 800 (optical) and 30 (near-
infrared). The vertical axis represents apparent
observed fluxes of G 196–3 B. The SPEX prism
spectra (R ∼ 120) of the field spectroscopic
standard dwarfs Kelu 1 (Burgasser et al. (2007))
and 2MASS J1146345+223053 (Burgasser et al.
(2010)) are also shown normalized to the peak
of the J-band of G 196–3 B and shifted vertically
by ±1.5× 10−15 flux units. The most relevant
spectroscopic features are indicated. Wavelengths
strongly affected by telluric absorption have been





Fig. 3.— Photometric spectral energy distri-
butions (SEDs, filled dots) of G 196–3 A (top
panel) and B (bottom panel). Also in the bot-
tom panel, the optical and near-infrared spectra
of G 196–3 B (solid line) and the average pho-
tometric SEDs of field L2–L3 dwarfs (open cir-
cles) and 2MASS J0825196+211552 (L7.5, trian-
gles) are plotted. Dashed lines correspond to the
emission of black bodies of temperatures 3500 K
(top panel) and 1800 K (bottom panel). All SEDs
are normalized to the J-band fluxes of G 196–3 A
and B.
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Fig. 2.— Color versus M1–L9 spectral type. Photometry for the two components of G 196–3 are labeled
and shown with filled circles. Field dwarfs are plotted as tiny dots, crosses, and triangles. Sloan magnitudes
of M and L0 dwarfs are taken from West et al. (2008); Sloan data for over 250 L dwarfs were retrieved
from the SDSS DR7 catalog. Spitzer/IRAC photometry of M and L dwarfs (tiny dots in the bottom left
diagram) is provided by Patten et al. (2006), while the photometry of spectroscopically confirmed young L
dwarfs in the field (Luhman et al. (2009); Allers et al. (2010)) is depicted with the cross symbol. In the
bottom right diagram, the Spitzer/MIPS magnitudes of M dwarfs are taken from Gautier et al. (2007). Our
[24] photometry of field L dwarfs is plotted as filled triangles. Also labeled is the young field L4-type object












Fig. 4.— Possible space velocities of G 196–3 (black straight line) for the distance interval 15–50 pc. Over-
plotted are the ellipsoids of known young star associations and moving groups. Galactocentric U velocity is
positive towards the Galactic center.
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Fig. 5.— Hertzsprung-Russell diagram for G 196–
3. The grey-shaded regions indicate the expected
locations of both components for a distance in-
terval 15–40 pc. The position of the pair at the
(arbitrary) distance of 27 pc is plotted as red filled
circles. Overplotted are theoretical isochrones of
10, 20, 50, and 120 Myr (Baraffe et al. (1998);
Chabrier et al. (2000)). The small “bump” ob-
served at around 1800–1900 K in the 50-Myr




Black body 1400 K
Fig. 6.— The observed SED of G 196–3B (solid
line and filled dots) is reproduced by combining
the flux emission of a field L2–L3 dwarf (dotted
line and open circles) and a black body of sin-
gle temperature, 1400 K, and J-band flux 4 times
smaller than the dwarf. The combined SED (L2–




G 196–3 A G 196–3 B
Spectral Type M2.5 L3± 1
r (mag)a · · · 22.44± 0.20
i (mag)a · · · 19.88± 0.03
z (mag)a · · · 17.83± 0.02
J (mag)b 8.08± 0.02 14.83± 0.05
H (mag)b 7.41± 0.02 13.65± 0.04
Ks (mag)
b 7.20± 0.02 12.78± 0.03
[3.6] (mag) 7.03± 0.01 11.66± 0.02
[4.5] (mag) 6.99± 0.01 11.47± 0.04
[5.8] (mag) 6.94± 0.01 11.10± 0.06
[8.0] (mag) 6.93± 0.01 10.83± 0.04
[24] (mag) 6.83± 0.05 10.55± 0.10
mbol (mag) 9.85± 0.10 16.00± 0.10
Teff (K) 3480± 90 1870± 100
µα cosδ (mas yr
−1) −142.3± 0.6 −144± 2
µδ (mas yr




Spitzer/MIPS photometry of field L dwarfs
Object SpT [24] AOR
(mag)
2MASS J1439284+192915 L1 10.29± 0.15 4298240
DENIS J105847.9−154817 L3 11.22± 0.15 4299008
2MASS J0036159+182110 L3.5 9.65± 0.15 4299776
DENIS J050124.1−001045 L4γ 10.78± 0.15 22136576
2MASS J1507476−162738 L5 9.66± 0.15 21906176
2MASS J0825196+211552 L7.5 10.31± 0.12 21906688
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Table 3
Astrometric epochs for G196–3A
Date Catalog Reference
1898 Apr 02 AC2000.2 Urban et al. (1998)
1955 Jan 29 USNO-A2.0 (POSSI Red) Monet et al. (1998)
1983 Feb 14 GSC1.2 (Plate 01RU) Lasker et al. (1988)
1984 Nov 20 GSC1.2 (Plate 01RP) Lasker et al. (1988)
1989 Dec 06 POSS II Reda This paper
1991 Jul 10 GSC2.2 & 2.3 STScI 2001, 2006
1992 Feb 05 POSS II Bluea This paper
1999 Jan 19 2MASS Skrutskie et al. (2006)
1999 Feb 24 POSS II IRa This paper
2002 Feb 01 SDSS DR7 Abazajian et al. (2007)
2005 Nov 26 Spitzer/IRACb This paper
2010 Jan 30 3.5-m CAHA/Omega-2000 This paper
aAstrometry obtained from the SuperCOSMOS digitalization of the
Palomar Observatory Sky Survey II red, blue, and infrared photo-
graphic plates (Hambly et al. (2001)). We used common IRAF routines
to measure the photocentroid of G 196–3 A.
bAstrometry provided by the IRAC pipeline indicated in the text. We
used common IRAF routines to measure the photocentroid of G 196–
3 A.
Table 4
Astrometric epochs for G196–3B
Date Images Reference
1998 Feb 16 NOT/ALFOSC Rebolo et al. (1998)
1998 Jun 03 NOT/HiRAC Rebolo et al. (1998)
2008 May 07 GTC/ASG This paper
2008 Nov 28 INT/WFC This paper
2010 Jan 30 3.5-m CAHA/Omega-2000 This paper
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Table 5
Distance estimates for G196–3
Age G 196–3 A G 196–3 A G 196–3 B G 196–3 B
single double single double
(Myr)
Field 15 22 18 25
120 19 27 20 28
50 29 41 · · · · · ·
3 33 46 36 51
Note.—Distance estimates are in pc and have an associated
uncertainty of 10%.
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